This study utilizes the methodology of data envelopment analysis (DEA) to assess the efficiency of secondary schools in Cyprus. Apart from evaluating the relative efficiency of schools, the study provides recommendations for improvement to inefficient schools and discusses managerial implications. Furthermore, empirical findings based on an approach to estimate efficiency environmental effects suggest that no efficiency differences exist between schools operating in rural areas compared to those operating in urban areas.
Introduction
Assessing the performance of an educational system is an important but difficult to accomplish task. Educational services feature all the distinctive characteristics of services vis-à-vis manufacturing, such as perishability, heterogeneity and simultaneity (Fitzsimmons and Fitzsimmons, 1994; Sasser et al., 1978) . Despite the difficulties involved, school performance assessment can, among others, be used to set performance targets, to make resource allocation decisions, and to improve overall school performance.
School units bear further similarities to service organizational units in the sense that they utilize multiple inputs to produce multiple outputs (Cameron, 1978) . A number of common problems emerge when attempting to assess service organization and school performance. First, no ultimate criterion of effectiveness exists, since a unit (service organization or school) may typically pursue multiple, and often contradictory goals. Relevant criteria may also change over the lifecycle of the unit. Different units may assign particular importance to different organizational aspects at different times. Moreover, criteria at one organizational level may not be the same as those at another organizational level, while relationships among various effectiveness dimensions may be difficult to discover.
Different criteria have traditionally been defined for assessing school performance. Typically, school effectiveness has been measured in terms of the performance of students in examinations (see Gray, 1981) , for a discussion on school outcomes). Other contextual factors such as the students' socioeconomical background and other environmental variables are also considered. In this paper we follow a (popular in the literature) production or "value-added" approach in which the school utilizes some inputs (i.e. number of instructors, experience of instructors, socioeconomic background of students, etc.) to produce some outputs (i.e. examination scores).
One of the methodologies used in previous studies of school performance evaluation based on input-output analysis has been ordinary least squares (OLS) regression analysis. Such studies have, however, two major disadvantages (Ray, 1991) . First, predicted values resulting from a regression model provide the average or expected level of outcome given certain inputs, instead of the maximum achievable outcome. Second, the input/output production function specified by such models may be problematic. Most regression models use a single output production function, which may be unrealistic when assessing school performance [1] .
In this paper we focus on the assessment of the efficiency of secondary schools in Cyprus. In a recent study by the International Association for the Evaluation of Educational Achievement, the schools of Cyprus ranked low compared to 41 other countries which also participated in the study. However, examining only the schools' output does not provide a complete picture regarding performance. It is important to know whether schools are actually utilizing their resources in the most efficient way to produce the observed rankings. In addition, it is also important to provide guidelines on how schools can improve further.
Here, we utilize the non-parametric methodology of data envelopment analysis (DEA) (Charnes et al., 1978) . DEA, a state-of-the-art non-parametric methodology, can be used to assess performance of homogeneous units utilizing multiple inputs to produce multiple outputs. DEA enjoys a number of advantages over other traditional parametric methods, and has been used extensively to assess school performance (Norman and Stocker, 1991; Sammons et al., 1993; Thanassoulis and Dunstan, 1994) . Apart from evaluating the relative efficiency of secondary schools, this study provides recommendations for improvement to inefficient schools and discusses managerial implications.
The paper is organized as follows. We next provide a description of the data envelopment analysis methodology. A brief literature review on the DEA applications in educational settings follows. Next, we describe an empirical study which utilizes DEA to assess the efficiency of secondary schools in the country of Cyprus. Additional insights to the problem of school evaluation are presented by benchmarking the effect of the external environment through the comparison of urban and rural school efficiency. Managerial implications, limitations and future research are also discussed. Concluding remarks follow.
Data envelopment analysis
The methodology of data envelopment analysis, initially introduced by Charnes et al. (1978) , is a mathematical programming technique used to evaluate the relative efficiency of homogeneous units. This efficiency evaluation derives from analysing empirical observations obtained from decision-making units (DMUs), a term coined by Charnes et al. (1978) to define productive units which are characterized by common multiple outputs and common designated inputs.
Relative homogeneity of organizational units such as schools, bank branches or hospitals, provides instances for implementation of the DEA methodology. In a more general manner, DEA is most useful in cases where accounting and financial ratios are of little value, multiple outputs are produced through the transformation of multiple inputs, and the input-output transformation relationships are not known (Charnes et al., 1978) .
In a broad sense, efficiency of a single DMU k 0 operating in a homogeneous set of N DMUs, utilizing multiple inputs I to produce multiple outputs R, can be defined as follows : (1) where, = number of inputs.
As long as the unit under consideration remains a single DMU, we could retain the preceding definition. However, an attempt of defining efficiency for a group of DMUs simultaneously is not possible using just definition (1), since a common set of weights is difficult to be set among all DMUs of a service organization or system. Each DMU can be allowed to choose its own set of weights based on its own value system (Charnes et al., 1978) in an attempt to appear as efficient as possible. The following model is formed based on definition (1):
subject to: 
Through M1, each DMU K 0 analysed will specify the particular input and output weights (u and v respectively), which maximize its own ratio of weighted output to weighted input, subject to the constraint that no other unit utilizing the same weights could exceed an efficiency rating of 1. A DMU with efficiency rating of 1 will be given the characterization of efficient relative to other DMUs. Vice versa, an efficiency rating of less than 1 will lead us to characterizing this specific unit as inefficient in relation to others. (M1) represents a fractional linear programming (LP) model. This can be easily transformed into a simple linear program, as follows:
subject to:
[ 67 ] 
The transformation is obtained by setting the denominator of (2) to an arbitrarily selected constant. A similar manipulation of equation (2) can result in an input minimization oriented linear programming model [2] . The dual formulation of (M2) can provide additional insights and is computationally less expensive:
Minimize (9) subject to:
for all r = 1, 2, …, R,
where s r + and s i -represent the slack variables corresponding to the outputs and inputs respectively.
Based on model (M3) we can characterize DMU K 0 efficient as long as the value of H K 0 is equal to 1. If H K 0 exceeds the lower limit of 1, the DMU under assessment is characterized inefficient in comparison to other DMUs. That is, there exists a weighted combination of actual performance of other units, such that no output of unit K 0 exceeds that of the weighted output of the weighted combination. At the same time, we could reduce all inputs of K 0 by the proportion H K 0 without any input falling below that of the corresponding weighted combination of other units. If DMU K 0 is deemed inefficient, management could decrease all the inputs of K 0 in the same proportion, in order to achieve the desired weighted combination performance.
The size of the necessary decrease is indicated by the value of H K 0 . From the scope of computational effort, the fact that (M3) has only (I + R) constraints compared to (N + R + I + 1) constraints of model (M2) and N is typically much larger than I + R, deems (M3) easier to solve in comparison to (M2). An additional advantage of (M3) is the provision of target values for inefficient units by comparing them against a composite unit constructed by the actual performance of the rest of the units (Boussofiane et al., 1991) . These targets can provide guidelines for improvement to inefficient units. At optimality, the following input/ output values occur:
for all r = 1, 2, …, m
where * indicates optimality. These are inputoriented targets since the attempt here is to minimize inputs. Output-oriented targets can also be derived by dividing both Model (M3) was introduced by Charnes et al. (1978) based on the assumption of constant returns to scale. However, while this assumption could often be legitimate, it may not be valid in cases where the scale of operations could influence a DMU's efficiency rating, such as, for example, when assessing school performance. Moreover, information concerning the amount of inefficiencies owing to the scale of operations would prove to be very useful for managerial decisions. Appendix 1 presents a model described by Banker et al. (1984) to cover the issue of inefficiencies due to scale of operations, through an extension of model (M3).
Applications of DEA in education
Applications of DEA to measure the efficiency of educational production have extensively been reported in literature, beginning with the introductory paper of DEA (Charnes et al., 1978) , which introduced the DEA methodology by demonstrating it in a school setting. The aim of this section is not to present a thorough literature review of DEA applications in education, but rather to present some of the more relevant studies to this work. Charnes et al. (1981) through (PFT) and non follow through (NFT) schemes for primary school children in the USA. Participants in PFT were children who came from less advantaged backgrounds, while the experiment also included a control group of NFT children for each district that participated in the PFT. DEA was used in order to assess the efficiencies of policies within which managers operate while eliminating the inefficiencies originating from the managers themselves.
An alternative use of DEA is presented by Bessent and Bessent (1983) . More specifically, DEA is used for resource allocation of various programs in the environment of a community college. The main contribution of the study was the recognition that, in spite of some limitations, DEA could prove helpful in resource allocation. DEA cannot, however, provide an answer to the question of allocating total organizational resources in order to obtain maximum output from the units. Boussofiane et al. (1991) utilize the context of comparing schools for the purpose of demonstrating practical issues encountered in selecting and qualifying inputs and outputs. Schools were chosen as an illustration mainly due to the importance of environmental factors in their operation. An important observation of the authors is the effect of the selection of inputs and outputs in the discriminatory power of DEA, which more specifically is related to the number of selected inputs and outputs. As a minimum number of units that will be given the tag of efficient, authors set the product of the number of inputs and outputs.
In a similar manner, Golany and Tamir (1995) , utilize hypothetical data taken from an evaluation of some elementary schools in a school district. Aim of the illustration is the distinction between different aspects evaluated by efficiency, effectiveness and equality, in addition to specifying potential trade-off among them. In another recent study, Thanassoulis (1996) demonstrated how to use DEA to set targets for differentially effective schools. Johnes and Johnes (1993) refer to an application of the methodology in universities. In the particular study, DEA is used for assessing the research performance of UK departments of economics during 1984-88. DEA was especially valuable since no universally accepted importance weights exist regarding the relevant inputs and outputs. The problem was addressed through the allowance of DEA for each unit to determine its own set of input and output weights such that it maximizes its efficiency. However, each unit is not completely free to define its set, since it is subject to the constraint that no other unit could accomplish an efficiency rating that exceeds unity, based on the same set of weighted inputs and outputs. Ray (1991) utilized the DEA methodology in combination to regression analysis in order to assess relative efficiency in public school districts in Connecticut, USA. Through his analysis he pointed out the effect of socioeconomic variables in productivity variations. A relative paper, in the sense that it refers to combined use of DEA with regression analysis, is presented by Sexton and Sleeper (1994) , aiming at facing the lack of homogeneity between DMUs involved.
Assessing the effectiveness of schools in Cyprus

Model description
Studies of educational production function define two major ways of describing the influences of schooling on student achievement. Either take into account the cumulative influence of family background, peers, school input and innate abilities on student achievement at certain time points or measure these factors during the period student is attending school.
Our study uses the second alternative, also known as the value added model. This model is convenient in the sense that it reduces data requirements, since school-level aggregated data can be used. Moreover, educational achievement is a product of both inputs controllable by the school but also of other factors such as family background, innate abilities, peers and former outcomes. Figure 1 presents the theoretical framework underlying the developed models.
Three generic determinants drive school performance (Thanassoulis, 1996) . First, school-specific factors such as the size of the school, and the number and quality of the teachers; second, factors which are family and external environment specific, such as for example, the students' socioeconomic background or the location of the school; and finally, the abilities of the student him/herself.
Three models, as presented in Table I were constructed, based on the above framework and on data availability. The small number of Table I proceed from a simple (Model 1) to a more complicated input set (Model 3). All models include a single, common output, consisting of the score from standardized examinations such as the TIMSS, to be discussed in the next section.
The first model uses inputs which can be obtained from teachers' and students' questionnaires. More specifically, it includes the age and educational level of teachers, in addition to the parents' education and the socioeconomic status of the family. Model 2 also includes school data. That is, the size of the school, defined as the students' population was included. An additional input is considered by Model 3 to capture the socioeconomic background of students. The number of books at student's home was used as a proxy for that. A description of all the variables included in all the models is shown in Appendix 2.
Data
The Third International Mathematics and Science Study (TIMSS) was conducted during the months of May-June 1995. TIMSS is conducted by the International Association for the Evaluation of Educational Achievement (IEA), in a total of 45 countries, covering more than half a million students at five grades levels in more than 15,000 schools. The main goal of TIMSS is to provide international benchmarks regarding school performance. Data were collected using standardized questionnaires, adjusted to reflect cultural differences, completed by school principals, teachers and students.
TIMSS provides the various participating countries a vehicle with which to investigate a variety of issues, including what concepts students understand, how well they can apply their knowledge in problem-solving situations, and whether they can communicate their understandings. Information regarding these issues is very important. Skills in mathematics and science are becoming critical to economic progress due to the transformation of modern societies into more technologically based, where higher levels of technical competence and flexible thinking are required [3] .
TIMSS utilized information from students, teachers and school principals as follows:
• Principal questionnaire. This instrument was administered to the school's principal. It obtained general information about the school, i.e. school size, number of teachers teaching at school for five or more years, information on the school's community and on the number of department heads.
• Teacher of mathematics and science questionnaire. Data collected through this instrument, which was administered to teachers, include the teacher's educational background, co-operation with other teachers for lesson enhancement, and teaching methodologies.
• Student information. Information on such variables as the socioeconomic status of student's family, parents' education and number of books at home was gathered via a questionnaire. Furthermore, math tests which covered six content areas (fractions and numbers (34 per cent), measurement (12 per cent), proportionality (7 per cent), data representation, analysis, and probability (14 per cent), geometry (15 per cent), and algebra (18 per cent)) were also administered to seventh and eighth grade students.
Our study was based on the Mathematics TIMSS data as collected in Cyprus with the collaboration of the Ministry of Education and Culture, the Pedagogical Institute, and the University of Cyprus. Data were gathered from 55 high schools, which reflects the total of lower secondary schools (gymnasiums) in Cyprus. In terms of students population, 5,852 out of a total of 19,694 students participated in the study, from both the seventh and eighth grades of high school (ages 13-14 years old). Data are aggregated to the school level. Furthermore, no data were used in this study from the principals' questionnaire because of the very low response rate observed, regarding fully completed questionnaires (less than 10 per cent). School size was obtained from secondary sources through the Ministry of Education and Culture.
For the purposes of this study, a distinction was made between schools located in urban areas (33 schools) and those located in rural areas (22 schools). Thus, two separate groups were formed, and assessed separately. This distinction provides two desirable outcomes. First, the coverage of DEA's homogeneity of units requirement is maintained. Second, the two groups will be used to demonstrate possible environmental effects on the efficiencies of schools through a benchmarking approach which will be discussed later. Table II presents descriptive statistics on the data collected from the two groups.
Results and discussion
All three models were run under both constant returns to scale (CRS) and variable returns to scale (VRS), separately for the urban and rural group. Furthermore, both input minimization and output maximization DEA models were run for each school in each group, in order to identify inefficient and best-practice schools. The output maximization model provides information on how much the average student performance on the TIMSS test could be improved, given its inputs. The input minimization model provides information on how much an inefficient school could further reduce some of its inputs while maintain the current level of performance. Table III provides descriptive statistics on the resulting efficiency distributions of input minimization models. It is noteworthy that even though some inefficiencies are evident, the overall efficiencies observed are high. Assuming, for example, CRS and using Model 2, we have a mean efficiency value of 96.56 for urban area schools and 94.82 for rural area schools. A possible explanation of this may involve the tight control exhibited by the Ministry of Education with respect to teaching curricula, school activities and overall performance. Clearly, not all the recommendations of the model are feasible. Improving the students' socioeconomic status is not a short-term effort, neither is a feasible effort by the principal of the school alone. Other recommendations, such as the quality of the teachers can be implemented with the collaboration of the authorities. Such a possible strategy could involve the rotation of teachers among different schools [4] . The feasibility of the models' recommendations must be examined on a school basis in collaboration with the principal of the school and the proper authorities. The output maximization version of the model can also provide the exam score level which cold be achieved by the school, given its current inputs.
We also observe in Table IV that the target school constructed by the model -which is a linear combination of existing schools -is smaller in size compared to school X. This can, to some extent, explain why the virtual school performs better since smaller schools may perform "better". On the other hand, such size difference may deem the comparison unfair. Examination of the peer schools of school X can help identify "well-behaved" schools and provide the means for a more fair comparison. For example, Table V presents actual data from school Y, one of the peer schools of school X. The two schools are similar in size.
We observe that the average education of teachers, for example, at the peer of school X is lower than that observed at X. Further investigation into how can school X capitalize on the advantage of its teachers to increase the TIMSS examination score should be initiated.
Benchmarking the effects of the environment
One of the primary goals of the study is to benchmark the possible environmental effect on the efficiencies of schools. Based on the distinction of our data set into two homogeneous subgroups -urban and rural area schools -we will utilize an approach proposed by Charnes et al. (1981) which isolates and evaluates school programme efficiency. Here, we follow the approach in a similar manner to isolate and assess the environmental impact on school efficiency. The approach (also described in Zenios et al., 1995) , proceeds in three steps:
Step 1. Run the DEA model on two groups operating in two different environments.
Step 2. Project inefficient units on their corresponding efficient frontier. Combine projected and efficient units from both groups and run the DEA again on the pooled data set.
Step 3. Examine whether the resulting efficiency distributions in each group are different. This can be done by using Mann-Whitney non-parametric tests, since the resulting distributions are not likely to follow normality.
The urban and rural area schools were pooled together and the above procedure was followed. The resulting efficiencies suggest that there is no statistically significant efficiency differences between urban and rural area schools (p < 0.001). The TIMSS scores shown in Table II suggest that urban schools indeed outperformed rural schools (p < 0.05). The above result, however, suggests that differences in inefficiency of schools cannot be attributed to environmental influences. Thus, any corrective actions should be aimed at changing the internal rather than the external environment.
Limitations and future research
The models developed in the study we described above were limited by data availability, and thus myopic in nature. Only a single output was considered, based on a single exam on a single subject, given to eighth graders. The output set should be expanded to reflect more desirable school outcomes. Thus, outputs which include other subjects should also be incorporated in the set, representative of the whole body of students. Music and athletics outputs should also be considered. The input set should also include further information on the teachers' training and quality, the schools' resources, and the socioeconomic environment.
Furthermore, this was a cross-sectional study conducted at a single point in time.
Studies of a dynamic nature should also consider changes over time. As data availability through studies such as TIMSS increases, such dynamic studies will also be made possible.
Finally, of extreme interest will be studies which will focus on international comparisons. The focus of TIMSS for example was to provide the means to communicate knowledge across countries. School performance can greatly benefit from international studies which will examine both the input and the output side of the school effectiveness picture. It would be of great interest to examine how the efficiency of schools change as they are compared against schools operating in different educational systems.
Conclusion
In this paper we develop DEA models to assess the efficiency of secondary schools in Cyprus. We demonstrate how inefficient units can benefit from such analysis and be directed towards areas which may require improvement.
One of the major findings was that in the case of Cyprus, room for school efficiency improvement exists, even though not great. Despite the low rankings schools in Cyprus obtained during the TIMSS, most of the schools find themselves very close to the efficient frontier. These results emphasize the existing homogeneity between schools as far as efficiency is concerned, and underline the importance of future international efficiency studies. As international data availability through studies such as TIMSS increases, such studies will also be made possible.
Furthermore, we found no efficiency differences which can be attributed solely to the environment, despite the lower scores observed in rural areas. This is an important finding for schools in Cyprus, since the efforts towards improvement can now focus on the school level alone.
Notes
